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roughly, 1000, and the effective pressure of the oscillatory 
component 6000 volts. This would give 72 amperes, and the 
“ skin ” effect woiild absorb a great den1 of power. 
The cables have 
considerable czipacity, and take an appreciable current. This 
‘‘ leads ” relatively to  the electroinotive force, so the capacity 
current passes in the armature coils when they are just in the 
position to magnetize the fields more strongly. The fields 
cannot follow each pulsation of excitation so produced, but are 
affected by it. Their average excitation is increased. I have 
tried putting a condenser on one of the whole Gramme alter- 
nators, which have rather weak fields, and a large number of 
armature ampere turns. The pressure ran up and burned the 
voltmeter. I have already gone fully into the action of lead- 
ing and lagging currents on dynamo fields elsewhere, so that 
subject need not be pursued here. It woiild, no doubt, be 
possible to  make an alternator excite itself like a series 
machine by putting a condenser on the terminals instead of 
exciting the fields by a direct-current machine. Such an 
arrangement seems scarcely commercial, though interesting. 
There is, however, a simpler explanation. 
VIII. TJie Solution of a Geometrical Problem in Magnetism. 
By T. E. BLAKESLEY, M.A.* 
THE points in the field of a magnet usually chosen for 
quantitative experiments, such as the determination of H, 
or the control of a galvanometer-needle, lie either in the 
axis of the magnet produced, or the equatorial plane. This 
arises from the very simple expressions for the field in terms 
of the moment of the magnet, and its distance from the point 
considered, in these two cases. But in either of these cases 
the eGact value depends not merely upon these facts, but also 
upon the distance between the poles; and this latter can 
rarely,if ever, be taken to be the entire length of the magnet. 
Either some such rule as the lopping-off, in imagination, of a 
fraction of the length, is applied, or the virtual distance 
between the poles is expressed as an unknown quantity to be 
determined by additional experiment. 
* Read November 28,1890. 
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It is easy also to  calculate the direction and magnitude of 
the field at a point whose position relativeiy to the two poles 
is given. But the following proposition is, at  first sight, of 
a inore difficult order. 
‘‘ Given the two poles of a magnet, and a straight line inter- 
secting at  right angles its axis produced at a given point, to 
determine at what point this line is parallel to the field.” 
The solution of this question may be of some scientific 
interest ; because if we know the point experimentally, we can 
determine the length between the virtual poles. But the 
question is important practi- 
cally from its bearing upon 
that of the deviation of a 
ship’s compass in some cases. 
Fig. 1. 
1 
Suppose A B  a long uni- 
formly magnetized rod having 
poles at  A and B (say A is 
a north pole), and 0 P its -pt+ - .  
field at P is always parallel 
equatorial plane. Then the 
to A B, and in the direction 
of‘ those letters, which call 
the positive direction. Sup- 
pose a piece C D  cut away 
A 1 
I 
so as t o  leave a gap having I 
same equator. 
A t  C n south pole is developed, and at  D a north pole. 
These two poles produce a field at P parallel to D C, and 
in the negative direction. 
If the point is in the neighbourhood of 0, the two inner 
poles will be dominant and the field negative ; but if P is very 
remote from 0, the poles A and B will be dominant,, and the 
field positive. There must therefore be some position where 
the field vanishes, and the two rods A C, D B would produce 
no deviation on a compass a t  that point, in whatever direction 
the head of the ship carrying the system pointed. 
Such permanent magnets would produce what is called 
semicircular deviation on a compass situated at any distance 
but this critical one from 0; that is, through one semicircle 
the deviation would be easterly, and through the remaining 
E 
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semicircle westerly; but these semicircles would each have 
the deviation produced in i t  changed in sign if this critical 
point is transgressed. If, however, the rods A C, D B are of 
soft iron, liable to magnetization by the action of the hori- 
zontal component of the earth's field, the general effect is 
that the direction of the deviation changes sign after every 
quadrant, each pair of opposite quadrants having one kind of 
deviation, easterly or westerly; and in this case the actual 
sign for each pair of opposite quadrants depends upon the 
poeition of the compass relative to this critical position. 
This application may serve to excuse me for bringing 
forward an easy method of practically finding this point. 
I t  is clear that the point is one for which the field due to 
either magnet, A C or D B, alone, would be entirely along 
0 P, i. e. at right angles to the axis of the magnet. 
T?&e Solution. 
a point situated at distance 
d from 0 ,O being in the axis 
of the magnet produced, and 
P 0 being perpendicular to 
Omn.  
(I 
d 
Let the distance 
Fig. 2. 
On, =n: 
Om-  m. 0  m. It 
Let p be the numerical value of the poles m and n. 
Then, writing dowE the condition that the component parallel 
to the magnet of the field produced at P by p at m shall be 
equal and opposite to the same thing produced b y p  at n, we 
obtain 
n . . 0 . .  (1) 7 7 3 -  
(d2 + m2)4 - (d2 + n2)# 
as the equation to find d ,  all the other measurements being 
known. 
Manipulating this expression, we have a t  length 
3 d2 1 m2+n2 -0. . : (2) 
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Now it happens that in hyperbolic trigonometry we have 
If, therefore, we make 
C O S ~ ~ B - ~ C O S ~ B - & C O S ~ ~ B = O .  . . . , (3) 
(4) 
m2 + na 
2mn 
-- -cosh30, . . . . . 
we have also 
By means, therefore, of the table of hyperbolic sines and 
cosines which this Society has recently published, we can 
easily determine d .  
W e  can deduce the distance of the poles apart, by applying 
this proposition inversely. 
It is of course very easy to arrive at  this state of things 
practically with a magnet. 
Suppose we arrange a small magnetometer-needle in the 
meridian, and notice the position of the light-beam on a scale 
in an ordinary way. 
Find the direction of the axis of the needle by the condi- 
tion that a long magnet laid in that line will not affect the 
position of the spot of light ; then place that magnet, or any 
other, at right angles to this position and move it in the 
direction of its length until again the spot of light is at its 
old place. No torsion affects these observations ; indeed, the 
real meridian need not have been ihe direction found. 
Then, obviously, of the various quantities quoted in the 
problem, we are in direct possession of d and m + n  (the latter 
because the middle point of the magnet is distant - (=I), 
perpendicularly from the axis of the magnetometer-needle) ; 
but the pole-distance m-n= 2a is only implicitly known. 
It,s value ma,y be deduced from the equations (4) and ( 5 ) ;  
thus 
m+n 
2 
- 
m-n 2n a 38 or --==tanh-, 
m+n 21 2 
where 
L-,/G&3i7Ti 
d -  4 cosh 8 
The latter fuiiction is not hard to deduce from the tables. 
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Experiments on this plan showed that the virtual distance 
between the poles soon approaches the full length of the 
magnet. 
It remains to give the expression for the field under the 
circumstances. It is 
4M cosh2 8 -
dy (4 e- 113’ 
where M is the moment, or p(n-m). 
It will be noticed that we have. I 2- at our disposal if we allow 
d to vary, i. e. one degree of freedom. Suppose, therefore, 
we arrange to simplifythe expression for the field by putting 
- 5  cosh2 8= - 4 ’  
Then the field 
but at the same time, since 
cosh 38= 45,  
1 J 8 3  
=(s+ m> 
1 
d ’  Let tan += - then 
+=40° 23‘ lo”, 
and we must keep the middle point of the magnet on the line 
making this angle with the meridian. 
